Data on the prevalence of malnutrition among patients with spinal cord injuries (SCI) are lacking. The aim of the present study was to assess nutritional risk at admission, and the status of nutritional support in the UK SCI Centres (SCIC); a cross-sectional, multicentre study in four SCIC. A standardised questionnaire was used and distributed to the participating SCIC. After obtaining informed consent, baseline demographic data, nutritional risk score by the 'Malnutrition Universal Screening Tool', BMI and routine blood biochemistry were collected from every patient admitted to an SCIC. The four SCIC, comprising 48·2 % of the total UK SCI beds, contributed data from 150 patients. On admission, 44·3 % of patients were malnourished or at risk of undernutrition. Nutritional risk was more common in patients with acute high cervical SCI than those with lower SCI (60·7 v. 34·5 %), and nutritional risk was more common in those with additional complications including ventilatory support (with tracheostomy, 56·3 v. 38·7 %). Also, 45 % of patients were at risk of overnutrition (BMI $ 25 kg/m 2 ). The prevalence of malnutrition in SCI patients admitted to SCIC is higher than national figures focused on general hospitalised patients, indicating that SCI patients are particularly vulnerable to malnutrition. Patients with SCI who have a tracheostomy may need additional attention. Given the potential negative impact of malnutrition on clinical outcomes, an emphasis on mandatory nutrition screening, followed by detailed assessment for at-risk individuals should be in place in the SCIC.
tends to become more pronounced during hospitalisation and has been shown to be an independent predictor of nosocomial infections (3) and complications (4) . Malnutrition is also associated with impaired hospital outcomes, including increased hospital length of stay, and mortality (5 -7) . The cause of malnutrition in individuals with spinal cord injuries (SCI) is usually multifactorial and includes both the metabolic effects of SCI and underlying medical conditions (8) ,
and reduced nutritional intake (9) . There is evidence that additional factors such as age, therapeutic interventions, educational level and socio-economic status may increase the general risk of developing nutritional deficiencies (5) .
Despite its importance, malnutrition is rarely identified by clinicians working in general hospitals (10) or in SCI Centres (SCIC) (11) . International (12, 13) and national (4, 7, 9) organisations have published guides to promoting good nutritional practices. Nutritional risk screening is an essential first step in the structured process of nutrition care but is not routine in some UK SCIC (14) , and, currently, neither nutrition screening nor dietetic assessment are included in national SCI policy for SCIC (15) .
A number of nutrition screening tools have been developed and validated for hospitalised adults, such as the 'Malnutrition Universal Screening Tool' ('MUST') (16) , but to date, peerreviewed validated screening tools suitable for specialist use in SCI patients are not available.
The present multicentre study aimed to establish the prevalence of malnutrition in hospitalised SCI patients admitted to UK SCIC by using a validated generic nutrition screening tools, the 'MUST' for undernutrition, and BMI for overnutrition. The secondary objectives of the study were to assess where co-existing medical conditions may increase the risk of malnutrition in SCI patients.
Methods

Centre recruitment
Nutritional support practitioners (dietitians) from each SCIC (n 11, total beds: n 454) in the UK were provided with a study protocol and invited to participate. In July 2009, a coordinator and local investigator from each centre wishing to participate were identified (four SCIC, total beds: n 224). The study protocol was discussed and reviewed during a 1 d meeting in June 2009. The chief investigator (S. W.) then trained the local investigator responsible for conducting the study at the other institutions. The study began on 1 July 2009 and terminated in March 2010.
Data collection
SCI patients with $18 years of age admitted to the SCIC were invited to participate in the study within 96 h of admission. Patients were excluded if they did not have SCI, were admitted for day care, were unable to give informed consent due to cognitive impairment or had suffered acute stroke.
Definition of malnutrition
Risk of undernutrition was calculated from MUST scores (16) . Patients who had scores $ 1 were considered nutritionally at risk. Overnutrition was defined using the conventional BMI cut-off of greater than 25 kg/m 2 for overweight and greater than 30 kg/m 2 for obese. A post-interview dietetic assessment using available clinical, nutritional and biochemical information was carried out by the local investigator. This included the measurement of baseline demographics and clinical characteristics of patients admitted to the SCIC (including age, sex, level of spinal cord injury, completeness of injury, American Spinal Injury Association Impairment Scale score, reason for SCI, weight and height) and routine blood tests for urea and electrolytes, total protein and albumin concentration, Hb, and C-reactive protein.
Information about nutrition factors, such as route of nutrition; nutrient intake, as estimated by food record charts (nil by mouth, less than half, half, more than half and all eaten); interruptions; and supplementation of nutrition (use of oral nutritional supplements and artificial nutritional support) was collected. In addition, clinical data, including the presence of co-morbidities, use of mechanical ventilation, history of intensive care unit stay and number of medications, were recorded. Each study centre was coded for identification, and after local data collection, each patient was coded, before anonymous data transfer to the data-handling centre.
The chief investigator and a clinical adviser were available throughout the study period for questions regarding the study protocol or data entry.
Ethical consideration
The study was conducted according to the guidelines laid down in the Declaration of Helsinki and the study received ethical approval from the National Research Ethics Committee (ref: 08/H0605/83); all centres received approval from their local research and development departments. Written informed consent was obtained from patients before data collection.
Statistical analysis
Differences between independent groups were assessed using Student's t test, the Mann -Whitney U test, ANOVA or the Kruskal -Wallis test, depending on the distributions of the data. Differences in proportions were analysed via the x 2 test, with statistical significance set at 5 % (P¼0·05). All statistical tests were conducted using Minitab Statistical Software (version 15.0; Minitab, Inc.).
Results
Of the eleven SCIC, four agreed to participate in the study. Between them, they represented 48·2 % (224 out of 465) of the spinal injury beds in the UK.
For the analysis, 150 (64 % new admissions) aged 18 -88 years (median 44 years, 30·7 % female) were assessed, and their demographic data and nutritional risk are summarised in Tables 1 and 2, respectively. Of the ninety-one new admissions, the median age at onset of SCI was 47 years (inter-quartile range 33, 61), and it took a median of 36 d for patients to be transferred to an SCIC.
The median duration of SCI for re-admissions was 4 years, with a range of 6·5 months to 46 years.
Of the 150 patients included in the analysis, 93·3 % (140 out of 150) could be screened using the MUST. At the time of hospital admission, 40·0 % (fifty-six out of 140) were found to be nutritionally 'at risk' (MUST score $1), and 21·4 % (thirty out of 140) were assessed as being 'at high risk' of malnutrition (MUST score $ 2). Table 3 summarises the distribution of BMI according to SCI level, and Table 4 shows the percentages of patients at nutritional risk at the different SCIC.
The highest prevalence of nutritional risk was found in groups with prior intensive care unit stays (57·4 v. 38·7 %; P¼ 0·035), mechanical ventilation (56·3 v. 38·7 %; P¼ 0·183) and artificial nutritional support at the time of arrival (100 v. 36·4 %; P, 0·001). Nutritional risk distribution, according to age group, is presented in Table 2 .
In the present study, we found that nutritional risk showed no significant difference with increased age (43·2 v. 42·1 %; P¼ 0·913).
Only 74·6 % (forty-seven out of sixty-three) of nutritionally at-risk patients received nutritional support, and only 52·4 % (thirty-three out of sixty-three) were referred to dietitians (Fig. 1) . Of the forty-seven patients who received nutritional support, 40·4 % (nineteen out of forty-seven) received oral nutritional support, while 34·0 % (sixteen out of forty-seven) received artificial nutritional support. Of the sixteen patients who received artificial nutritional support, 62·5 % (ten out of sixteen) received nasogastric feeding, 31·2 % (five out of sixteen) received gastrostomy feeding and 6·3 % (one out of sixteen) received parenteral nutrition (Fig. 2) .
Compared with 'no-risk' patients (MUST score ¼ 0), at-risk patients (MUST score $1) were found to have significantly lower concentrations of total protein, albumin, Hb, creatinine and Mg, with lower BMI and less appetite. In addition, 'at-risk' patients were found to be receiving more prescribed medications (Table 5) .
Discussion
This is the first study to show clearly that malnutrition, including both undernutrition and overnutrition, is common in patients admitted to SCIC in the UK. The results are worse than those reported in unselected in-patients (1, 2, 6, 7) , suggesting that SCI patients are a particularly vulnerable group.
The percentage of 'at risk of undernutrition' patients ranged from 17·4 to 46·7 %, reflecting the heterogeneity of the different patient groups. Indeed, there are several factors that could contribute to this observed rate of malnutrition. The nutritional needs and management of patients who have sustained SCI and are still recovering from the acute trauma, and of those who are stable and undergoing rehabilitation are quite different (17, 18) . Increased or decreased energy intake and requirements depend on SCI phase (8, 9, 17, 18) , age (9) and mode of ambulation. Weight loss is common during the acute (8) and early rehabilitation phases of SCI (8, 17) . On the other hand, there is reduced activity, and muscle mass is lost, with an attendant decrease in energy requirements. In the long term, there is a tendency for people with SCI to gain weight (9, 18) because of enforced inactivity. A high proportion of at-risk patients were identified in one SCIC. This was probably due to the subjective criteria of the weight-loss scoring (step 2 of the 'MUST'), as it is not uncommon for patients to report weight loss post-SCI, and on those grounds, a high proportion of patients at that particular centre were classified as being at nutritional risk. Only one SCIC was not able to weigh patients until they were mobilised. As a result, the researcher used estimated weight, and, therefore, some weights may have been inaccurate. Similarly, lower diagnostic accuracy is expected when the nutrition screening tools is completed by non-dietitians. In addition, a majority of participants were fit and well before SCI, and, therefore, the assessment of weight-loss scores was purely based on recall and may have been over-reported.
Adjusted BMI cut-offs of 22 kg/m 2 for overweight and 27 kg/m 2 for obese have been proposed for SCI individuals (19) .
To use this would mean that an extra 24 % (thirty-four) of individuals are potentially at risk of overnutrition. Given the long-term adverse consequences of obesity, future efforts should make weight management an integral part of SCI rehabilitation and implementation at SCIC. Several reports have indicated that a minority of in-patients at risk of malnutrition actually receive appropriate nutrition while hospitalised. The extent to which nutritional support is offered to at-risk patients has been reported to be as low as 14·7 % (2) . In the present study, 52·4 % of at-risk patients (thirty-three out of sixty-three) were referred to dietitians for nutritional assessment and nutritional intervention. It is likely that the present study population had a higher degree of nutritional support, due to the nutritional interest of local investigators who participated in the study, but even in this context, malnutrition is still underrecognised and undermanaged.
In conducting the present multicentre study, we chose to use the 'MUST' because it has been validated in large patient populations and is accepted as a standard tool for nutritional risk assessment (4) . A training meeting was conducted before the study. While the majority of local investigators (three out of four) were familiar with the 'MUST', those not familiar (from one centre) were able to implement the screening tool independently after 3 h of training. Telephone calls and email communications made throughout the present study, and at biannual steering group meetings, identified few and minor problems regarding implementation. The strengths of the study were its inclusion of almost half the spinal beds in the UK (49 %, 224 out of 456 beds) and its relatively broad representation of different geographical regions, when compared with single-centre studies. However, since the study relied on voluntary data submission from only four centres, we were unable to determine whether our observations applied to all SCI patients in the UK. We call for further studies to assess the prevalence of malnutrition in SCI patients. In addition, different centres measure different sets of blood tests on admission; some blood parameters, such as Mg and Ca levels, may not be measured routinely, and missing values may have compromised our conclusions.
The present study suggests the urgent necessity of reviewing current nutritional resource allocation and policy in UK SCIC (20) . It sends a strong message to SCIC managers and commissioners about the need to review implementation of the resolution on Food and Nutritional Care in Hospitals, adopted by the Committee of Ministers of the Council of Europe in November 2003 (13) .
Conclusion
The prevalence of malnutrition in SCI patients admitted to SCIC is higher than national figures for general hospitalised patients, indicating that SCI patients are particularly vulnerable to malnutrition. Patients with SCI who have tracheostomies may need additional attention. Given the potential negative impact of malnutrition on clinical outcomes, SCIC should place additional emphasis on mandatory nutritional screening, followed by detailed assessment of at-risk individuals.
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